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Abstract
Background: In the absence of formal polysomnography (PSG), many
children with symptoms of sleep-disordered breathing (SDB) go unrecognized
and thus may be at risk for perioperative respiratory adverse events (PRAE).
Objectives: To develop a simple practical tool to identify children with
symptoms consistent with SDB who may be at risk for PRAE.
Methods: Three-hundred and thirty-seven parents of children scheduled for
surgery completed the Sleep-Related Breathing Disorder (SRBD) question-
naire. Data regarding the incidence and severity of PRAE including airway
obstruction and laryngospasm, were collected prospectively.
Results: Thirty-two (9.5%) children had a confirmed diagnosis of SDB by
PSG and 90 (26.7%) had symptoms consistent with SDB based on the SRBD
questionnaire. Principal component analysis identified five symptoms from
the SRBD questionnaire that were strongly predictive of PRAE and which
were incorporated into the STBUR tool (Snoring, Trouble Breathing,
Un-Refreshed). The likelihood of PRAE was increased by threefold (positive
likelihood ratio 3.06 [1.64–5.96] in the presence of any 3 STBUR symptoms
and by tenfold when all five symptoms were present (9.74 [1.35–201.8]). In
comparison, the likelihood of PRAE based on a PSG-confirmed diagnosis of
SDB was 2.63 (1.17–6.23).
Conclusions: Children presenting for surgery with symptoms consistent with
SDB may be at risk for PRAE. It is important therefore that anesthesia pro-
viders identify these individuals prior to surgery to avoid potential complica-
tions. The STBUR questionnaire appears promising as a simple, clinically
useful tool for identifying children at risk for PRAE. Further studies to
validate the STBUR questionnaire as a diagnostic tool may be warranted.
Introduction
Perioperative respiratory adverse events (PRAE)
including airway obstruction, laryngospasm, and oxy-
gen desaturation, are common sources of morbidity in
children undergoing general anesthesia (1–3). Although,
many of these events can be easily recognized and trea-
ted, some can be life-threatening. Children with upper
respiratory tract infections (URIs), who are obese and
undergo surgery involving the airway (1–4), or who have
sleep-disordered breathing (SDB) may be particularly
vulnerable to PRAE (5–8).
Sleep-disordered breathing represents a spectrum of
breathing disturbances ranging from snoring to obstruc-
tive sleep apnea (OSA). Approximately, 10–12% of
school-aged children have some type of SDB (9,10) with
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symptoms varying from simple sleep disturbances to
hypopnea and apnea (11). Furthermore, childhood SDB
can lead to neurocognitive and behavioral changes,
cardiovascular disease, and poor school performance
(12,13). Importantly, SDB has been associated with an
increased risk for PRAE including airway obstruction,
oxygen desaturation, and the need for intervention
(5–8). Unfortunately, in the absence of formal testing,
many ‘at risk’ children may go unrecognized preopera-
tively (11). Indeed, Sinha et al. reported on two cases of
perioperative apnea in children with undiagnosed SDB
(14). It is thus important that children who have symp-
toms (mild and overt) which are consistent with SDB
are identified preoperatively.
Although PSG is considered the ‘gold standard’ for
diagnosing SDB (15), routine preoperative use is neither
practical nor economical. As a pragmatic measure,
many anesthesia providers ask parents whether their
child snores, has sleep apnea, or has ever been diagnosed
with SDB. This is consistent with the findings of Parnis
et al. who showed that children who snore are at greater
risk of PRAE (1). However, in practice, the nature and
consistency of these questions may vary between institu-
tions and providers.
Adopting a more standardized approach to the preop-
erative evaluation of ‘at risk’ children, the American
Society of Anesthesiologists (ASA) published guidelines
for the management of patients with OSA and recom-
mended a checklist for routine screening (16). Unfortu-
nately, medical history and physical examination have
been shown to be unreliable for diagnosing OSA (17).
Furthermore, this checklist has only been validated in
adults (18) and, to our knowledge, its ability to identify
children at risk for PRAE has not been explored.
Abrishami et al. however, note that questionnaires ‘…
may facilitate early detection of patients who need
further assessment and who would benefit from peri-
operative precautions for OSA patients’ (19). This study
therefore was designed to develop a simple and practical
screening tool for identifying children with symptoms
consistent with SDB who may be at risk for developing
PRAE.
Methods
This study was approved by the University of Michigan’s
Institutional Review Board with written informed con-
sent. Children aged 2–14 years presenting for elective sur-
gery requiring general anesthesia were included. Exclusion
criteria include ASA class 3–5, emergency surgery, history
of cardiovascular disease, or procedures requiring total
intravenous anesthesia. Anesthesia management was at
the discretion of the anesthesia provider.
To identify children ‘at risk’ for SDB, research assis-
tants surveyed all parents using the Sleep-Related
Breathing Disorder (SRBD) questionnaire (20). Surveys
were completed by hand prior to or during their child’s
surgery. The SRBD is a subscale of the Pediatric Sleep
Questionnaire which has been validated for SDB screen-
ing in children 2–18 years of age (20). This tool also con-
tains two validated four-item subscales both of which
have been used independently to evaluate snoring and
daytime sleepiness (20–24). Response options are ‘yes’,
‘no’, and ‘don’t know’. Scores for all scales and
subscales are generated by the number of positive
responses out of the number answered. A child with a
score of  0.33 on either the SRBD or its two 4-item
subscales is considered at risk for SDB, daytime sleepi-
ness, and snoring, respectively (20).
Outcome measures
Data were collected prospectively by trained research
assistants and included demographics (age, gender, race/
ethnicity), type and duration of anesthesia and surgery,
and comorbidities (e.g., asthma, obesity, and URI). The
records of all children were reviewed to see whether
PSG had been performed. Data regarding the incidence
and severity of PRAE were documented on data collec-
tion sheets at induction including airway device place-
ment, emergence including airway device removal, and
recovery in the Postoperative Care Unit (PACU) by the
anesthesia provider. The definitions of PRAE and meth-
ods of data collection have been described previously
(see Table 1) (4). For the purpose of this study, the pri-
mary outcome was the appearance of at least one critical
PRAE during the perioperative period (induction
through PACU discharge: average 3.08 h) (4).
Statistical analysis and Sample size
Statistical analyses were performed using PASW soft-
ware (v18.0; PASW Inc., Chicago, IL, USA). Nonpara-
metric data were analyzed using Mann–Whitney U-test,
chi-square test, and Fisher’s exact test. Parametric data
were analyzed using unpaired t-tests. All predictive
parameters were calculated including sensitivity and
specificity, positive and negative predictive values (PPV
and NPV), positive and negative likelihood ratios (LR+
and LR), and odds ratios (OR) with 95% confidence
intervals. Greater reliance was placed on the LR+ and
LR values because they express the increasing or
decreasing likelihood of an outcome at the individual
patient level (25,26). Receiver operator characteristic
(ROC) curves were generated and the area under the
curve (AUC or c statistic) calculated, where appropriate.
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A principal factor analysis with varimax rotation was
performed to identify underlying factors in the SRBD
questionnaire. Items in the questionnaire were deemed to
define a given component if the loading factor was >0.50.
Criteria used to determine the number of factors to be
retained were based on accepted decision rules (27).
Reliability of items in the questionnaire was measured
using Cronbach’s alpha with values of  0.7 reflecting
excellent reliability.
Data from this study were part of a large prospective
dataset examining PRAE and postoperative behaviors
in children with symptoms of SDB. As such, the initial
sample size was based on a primary outcome of adverse
events. For the purposes of this study, however, the
sample size more than satisfies the rule of thumb for
instrument development of 10 subjects per item in a
questionnaire (28,29).
Results
A total of 439 eligible parents were approached to par-
ticipate. Of these, 77 declined and 25 were excluded
due to the following: surveys not completed (9), no
general anesthesia (9), did not meet inclusion criteria
(5), and surgery canceled (2). Three hundred thirty-
seven completed questionnaires were received; however,
complete outcome data (overall critical PRAE) were
only available for 302. The demographics of the partici-
pants are described in Table 2. Thirty-two children
(9.5%) underwent a preoperative PSG, and all were
positive for OSA. Ninety (26.7%) children met the
criteria for high risk SDB as defined by the SRBD
questionnaire. As expected, significantly more children
with symptoms consistent with SDB underwent tonsil-
lectomy/adenoidectomy (T & A) surgery compared
with children without SDB risk (58.9% vs 4.5%,
P < 0.001). There were no differences in acute URI
status (0% vs 0.8%), sevoflurane use (97.8% vs
92.7%), and opioid usage (perioperative morphine
equivalents/kg/hr [per standard conversion formu-
lae] = 0.17 vs 0.14), respectively between those with
and without SDB-like symptoms.
Given that the SRBD tool has been validated in
children for SDB in the clinical research setting, we were
interested in examining whether specific items in the
questionnaire were able to predict PRAEs in children in
the surgical setting. As such, we first examined the pre-
Table 1 Definitions of airway events
Oxygen desaturation
Minor 5–10% decrease from baseline
(preinduction value)
Major >10% decrease from baseline
Coughing
Minor One to several coughs
Major Continuous coughing
Breath Holding
Minor <30 s
Major >30 s requiring an intervention
Airway obstruction
Minor Corrected with repositioning or placement
of an oral/nasal airway
Major Requiring jaw-chin thrust maneuver or
placement of a laryngeal mask airway or ETT
Laryngospasm Requiring continuous positive airway
pressure or intervention with a muscle
relaxant
Bronchospasm Auscultated wheezing
Minor adverse
respiratory event
At least one adverse respiratory event during
the perioperative period
Critical respiratory
adverse event
At least one major adverse respiratory
event (can also include any episode of
laryngospasm or bronchospasm) during
the perioperative period (induction through
discharge from PACU)
ETT, endotracheal tube; PACU, postanesthesia care unit. Repro-
duced with permission: Tait et al (4).
Table 2 Demographics
N = 337
Gender (M/F%) 53/47
Age (years) 6.58  3.36
Race
Caucasian 276 (81.9)
Black 24 (7.1)
Hispanic 13 (3.9)
ASA status (I/II%) 46/54
Surgical service
Urology 50 (14.8)
General Surgery 59 (17.5)
ENT-T & A 64 (19.0)
ENT-non-T & A 44 (13.1)
Orthopaedics 48 (14.2)
Ophthalmology 32 (9.5)
Other 40 (11.9)
Anesthesia duration (mins) 68.7  59.8
Surgery duration (mins) 48.7  52.3
PACU duration (mins) 116.7  61.6
Medical history
Asthma 47 (13.9)
Obesitya 46 (13.1)
URI activeb 2 (0.6)
URI recent (within 4 weeks)b 10 (3.0)
Data presented as n (%) or mean  SD.
ENT, otolaryngology; T & A, adenotonsillectomy; ASA, American
Society of Anesthesiologists physical status; URI, upper respiratory
infection; PACU, postanesthesia care unit.
aObesity based on age and gender adjusted percentiles.
bPer parent report and preoperative history and physical.
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dictive parameters of the two validated four-item SRBD
subscales (‘snoring’ and ‘sleepiness’). The snoring sub-
scale revealed a LR+ of 1.71 (1.18–2.52) and OR of 2.17
(1.27–3.71, P = 0.002). The PPV and NPV were 66.3%
and 52.4%, respectively. The sleepiness subscale pro-
duced a LR+ of 1.54 (1.02–2.36) and an OR of 1.79
(1.03–3.14, P = 0.036). The PPV and NPV were 63.7%
and 50.5%, respectively. These data suggested that the
four-item ‘snoring’ subscale had similar predictive
parameters compared with the parent SRBD question-
naire and thus would be easier to administer in the
clinical setting.
Adopting another approach to reducing the number
of items in the SRBD questionnaire, we performed a
factor analysis of all items. This analysis identified 11
items which accounted for 32.6% of the variance in the
model. Next, the predictive values for PRAE of each of
the 11 individual items identified in the factor analysis
were examined, and the five with the highest values were
selected. This resultant five-item questionnaire was
named the STBUR scale (Snoring, Trouble Breathing,
and Un-Refreshed, Table 3).
The ability of the STBUR to identify children ‘at
risk’ for SDB was evaluated against the SRBD ques-
tionnaire (n = 337) and PSG (n = 32) using ROC
curves. Analysis indicated excellent ability of these tools
to identify those at risk for SDB, that is, c statistic
(95% CI) = 0.97 (0.95–0.99), 0.88 (0.84–0.93), and 0.83
(0.76–0.91), respectively. Table 4 compares the predic-
tive parameters by the different screening methods and
shows that the likelihood of a critical PRAE was
increased threefold in the presence of any three STBUR
symptoms and by tenfold when all symptoms were
present. These results compare very favorably with the
1.9-fold likelihood of a PRAE when using the SRBD
questionnaire and a 2.6-fold likelihood of PRAE in
children with a PSG-confirmed diagnosis of SDB.
Given that more children with SDB symptoms under-
went T & A, we examined the ability of the STBUR to
predict PRAE for other types of surgery. Results
showed that the positive likelihood of a critical PRAE
was increased by fourfold (4.21, 1.15–18.6) among chil-
dren presenting for non-T & A surgery with any three
STBUR symptoms.
The majority of PRAEs occurred in children undergo-
ing T & A compared with non-T & A surgery (71.4% vs
48.5%, P = 0.002) and during removal of an airway
device (15.7%, n = 286) and in the PACU (36.1%,
n = 335). The majority of PACU events were arterial
oxygen desaturations. Twenty-eight children (8.6%,
n = 326) had critical PRAEs on induction of anesthesia
and 25 (8.5%, n = 293) during airway device placement.
Table 5 compares the incidences of individual events
based on the STBUR criteria with those of a PSG-con-
firmed diagnosis of SDB. Results show the ability of the
STBUR questionnaire to identify children at risk for
specific PRAEs and confirm the findings of others
(5–7,14,30) that children with SDB-associated symp-
toms are at greater risk of PRAE compared with those
without.
Discussion
Results showed that a significant proportion of children
presenting for surgery had symptoms consistent with
SDB. Although some children presenting for T & A will
have undergone a preoperative work-up for SDB,
including PSG, and are thus considered ‘at risk’, many
children are not evaluated and, as such, may present
with unrecognized risk potential. Indeed, our study con-
firmed previous findings that children with symptoms
consistent with SDB are at increased risk for periopera-
tive complications (5–8,14) and, as such, reinforces the
importance of identifying those at risk for SDB prior to
surgery.
This study describes the development of the STBUR
questionnaire for identifying children with symptoms
consistent with SDB who may be at risk for PRAE.
We should emphasize that although many of the chil-
dren in our study may indeed have had underlying
SDB, not all underwent confirmatory formal PSG.
However, although further validation is necessary to
determine whether the STBUR questionnaire can be
used as a diagnostic tool, it clearly shows a significant
relationship with PRAE outcomes. Given the impracti-
cality of obtaining PSG on all children, and in the
absence of reliable clinical indicators, Brietzke et al
(17). suggest the need for ‘A simple, inexpensive
screening test than can be linked to SDB outcomes ….’
To this end, the STBUR appears to satisfy this need in
its simplicity and ability to identify children at risk for
PRAE. Although none of the PRAEs in this study
resulted in serious morbidity, the ability to anticipate,
recognize, and treat adverse events is nevertheless
paramount (31).
Table 3 Symptom items comprising the STBUR questionnaire
While sleeping, does your child…
1.… snore more than half the time?
2.… snore loudly?
3.… have trouble breathing, or struggle to breathe?
4. Have you ever seen your child stop breathing during the night?
5. Does your child wake up feeling unrefreshed in the morning?
STBUR, Snoring, Trouble Breathing, Un-Refreshed.
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Despite the fact that there are several tools available
for detecting OSA in adults (e.g., the Berlin, STOP, and
ASA questionnaires), none have been validated in chil-
dren (16,18,32,33). Although there are elements of these
questionnaires that are pertinent to children (e.g., snor-
ing and sleepiness), these instruments also include adult
cut points or definitions for BMI, neck circumference,
and blood pressure that are not valid for children
(16,18,32,33). Therefore, given the paucity of clinically
validated SDB-screening tools for children, we chose the
pediatric SRBD tool developed by Chervin et al. as the
basis for this study. Although this tool has only been
validated in clinical research settings, it associated
strongly with PSG-confirmed SDB leading the authors
to suggest that in the absence of PSG, the SRBD is a
valid and reliable instrument to screen for SDB in both
nonsurgical children and those prior to and following
T & A (20,23,24). Furthermore, in an evidence-based
review of subjective pediatric sleep measures, the Pediat-
ric Sleep Questionnaire and its subscale SRBD were
shown to have excellent psychometric reliability and
validity and met ‘well established’ evidence-based assess-
ment criteria (21). Indeed, our results showed that
selected items from the SRBD questionnaire were
strongly predictive of PRAE in our population of chil-
dren and performed well in the subset of 32 children
who underwent PSG.
Because of the narrow window of opportunity to
assess children during the preoperative exam, any
screening tool must be simple to use. With this in mind,
we performed data reduction techniques on items in the
SRBD to identify salient factors which could be used to
further refine our tool. Consistent with many other
SDB-screening tools, these factors consisted of a snor-
ing, breathing, and sleepiness component (20). Results
showed that the STBUR questionnaire performed favor-
ably against the parent SRBD and, more importantly,
against the ‘gold standard’ PSG in identifying children
at risk for SDB and PRAE.
Potential limitations of the study are acknowledged.
First, as stated, without further validation against
PSG, the STBUR tool should not be considered diag-
nostic for SDB but only as a tool for identifying chil-
dren with symptoms consistent with SDB who are at
risk for PRAE. Second, although previously published,
we recognize that our definitions of PRAE may be
open to debate. As such, the generalizability of our
results should be interpreted within the context of these
definitions. Third, although the STBUR tool appears
to be excellent in predicting PRAE in otherwise healthy
children with SDB-associated symptoms, the ability to
Table 4 Predictive parameters for PRAE by screening method
SRBD
n = 84/302a
PSG
n = 32/302a
Three-item STBUR
n = 54/298a
Five-item STBUR
n = 12/296a
Sensitivity (%) 35.4 (30.4–39.9) 14.9 (11.4–17.4) 26.4 (22.2–29.6) 7.00 (4.60–7.60)
Specificity (%) 80.9 (75.1–86.0) 94.3 (90.3–97.2) 91.4 (86.5–95.0) 99.3 (96.6–1.00)
PPV (%) 67.9 (58.3–76.5) 75.0 (57.2–87.7) 77.8 (65.3–87.2) 91.7 (60.4–99.6)
NPV (%) 52.3 (48.6–55.6) 49.3 (47.2–50.8) 52.0 (49.3–54.1) 48.6 (47.3–48.9)
LR+ 1.85 (1.23–2.85) 2.63 (1.17–6.23) 3.06 (1.64–5.96) 9.74 (1.35–201.8)
LR 0.79 (0.70–0.93) 0.90 (0.85–0.98) 0.81 (0.74–0.90) 0.94 (0.92–0.98)
Odds ratio 2.32 (1.32–4.07)b 2.91 (1.17–6.90)b 3.80 (1.83–8.04)b 10.40 (1.37–218.3)b
STBUR, Snoring, Trouble Breathing, Un-Refreshed; PRAE, perioperative respiratory adverse events; SRBD, sleep-related breathing disorder
questionnaire; PSG, polysomnography; PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood Ratio;
LR,.negative likelihood Ratio.
an = number with the characteristic/N.
bP < 0.01.
Table 5 Individual perioperative respiratory adverse events (PRAE)
in children with and without SDB-associated symptoms
No SDB
Riska
n = 218
STBUR: Any
three items
n = 54
PSG
n = 32
Major cough 30 (14.0) 15 (27.8) 9 (27.3)
Major breath hold 1 (0.5) 3 (5.7) 3 (9.4)
Laryngospasm 8 (3.8) 6 (11.3) 3 (9.1)
Bronchospasm 1 (0.5) 2 (3.8) 2 (6.1)
Airway obstruction 47 (21.5) 27 (50.0) 15 (45.5)
Major desaturation 70 (34.5) 28 (52.8) 21 (61.8)
Critical PRAEb 104 (47.7) 42 (77.8) 24 (75.0)
Data are presented as n (%).
PSG, polysomnography; PRAE, perioperative respiratory adverse
event; PACU, postanesthesia care unit; STBUR, Snoring, Trouble
Breathing, Un-Refreshed; SDB, sleep-disordered breathing.
aNo SDB risk based on SRBD questionnaire (i.e., score < 0.33).
bAt least one major adverse respiratory event (can also include
the occurrence of any laryngospasm or bronchospasm) during the
perioperative period (induction through discharge from the PACU).
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predict other types of complications or to predict
PRAEs in children with comorbidities has yet to be
determined. Validation in different populations and
using different outcome measures may therefore be
warranted.
Results of this study showed that there may be a sig-
nificant number of children who present for surgery with
unrecognized SDB-associated symptoms and who may
be at risk for PRAE. It is imperative therefore that anes-
thesia providers are able to recognize the child ‘at risk’,
anticipate potential problems and, if necessary, modify
their anesthetic management to optimize care (34). The
development of the STBUR questionnaire appears sig-
nificant in its ability to identify children with symptoms
consistent with SDB who are at risk for PRAE. Further-
more, from a pragmatic perspective, it is simple, easy to
use and thus would likely have excellent clinical utility
in a busy preoperative anesthesia setting. Although the
underlying assumption is that the STBUR tool may be
able to identify some children with undiagnosed SDB,
further studies will be necessary to validate this poten-
tially important and clinically relevant tool against PSG
and in different settings.
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